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Kitiashvili et al., 2016 
Proxima	Centauri	
Age,Gyr	 Log(L)	 Log(g)	 Teﬀ	 Ysurf	 Zsurf	 R	
Observa1ons	 4.85-8.8	 -2.75	 5.1-5.5	 2700-3100	 0.278	 0.029	 0.141-0.145	
MESA	model	 4.85	 -2.773	 	5.153	 2985	 0.278	 0.029	 -0.154	





















How Experience of  studying the 
solar dynamics can be used for 











Example: Venus Transit, 5 – 6 June 2012 
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Conclusions	
•  Because of complexity of the physics of stellar surface and subsurface layers, ‘ab initio’ (or 
‘realistic’), numerical simulations based on first principles become a primary tool of 
theoretical modeling. 
•  Our investigation of main-sequence stars has shown that the dynamics of stellar 
convection dramatically changes among stars of different mass. The convection zone is 
shallower for more massive stars, the turbulent convection becomes more vigorous with 
plasma motions reaching supersonic speeds and multi-scale convective cells structures, 
which can be quite different from the granulation and supergranulation known from solar 
observations. Convective downdrafts in  intergranular lanes between granulation clusters 
reach speeds of more than 20km/s, can penetrate through the whole convection zone, hit 
the radiative zone, and form a 8Mm thick overshoot layer. 
•  For stars with M > 1.35Ms the convection zone is relatively shallow, and the high-resolution 
simulations domain cover its whole depth range including a convectively stable layer of the 
radiative zone. This allows us to investigate the physics of overshooting and turbulent 
mixing, as well as excitation of internal gravity waves at the bottom of the convection zone. 
•  New modeling effort of Proxima Centauri (0.123MSUN) shows dramatic difference from the 
solar convection structure, in which a relatively weak turbulence near the stellar 
photosphere is accompanied by supersonic flows. 
•  Future developments include 3D radiative simulations of stellar convection zones and 
atmospheres of stars of different mass and age, taking into account effects of magnetic 
field and rotation as well as characterization of influence of the turbulent surface plasma on 
stellar observations, such as the stellar jitter, which will help  to improve detection of Earth-
size planets. 
